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OVERVIEW

16
17
TOUGH2 is a nonisothermal multi-phase, multi-component model that simulates the heat and 18 fluid flows in porous and fractured media (Pruess et al., 1999) . iTOUGH2 is a program that is 19 used for parameter estimation, sensitivity analysis and uncertainty propagation analysis for 20 TOUGH2 (Finsterle, 1999) . TOUGH2 and iTOUGH2 have more and more caught the attention 21 of the scientific community and been successfully applied in various research disciplines, based approach is applied for both pre-and post-processing. If the data for initial and boundary conditions are available, they can be provided in the EXCEL 
When snowpack is not present, the soil surface temperature is more closely linked to ! !
233
and the equation below is used: Rainfall: Rainfall can be considered as water sources at all surface elements in TOUGH2. Due to 275 difference in units between the rainfall data and TOUGH2 source/sink (kg/s), the unit conversion 276 from rainfall to source unit is performed as follows:
in which is the unit conversion coefficient from measured rainfall unit to m/s, e.g., if rainfall 279 unit is inch/hour, = !.!"#$
!"##
; ! is the rainfall; is the density of rain water ( =1000 kg/m 3 );
is the rainfall-equivalent source rate in TOUGH2 at the surface element the element It is worth noting that all of the above boundary conditions are time-dependent conditions.
285
Except for the rainfall is considered as sources and the Neumann boundary condition, the other 286 data are Dirichlet boundary conditions, which are not available in TOUGH2 but supplemented in 287 iTOUGH2.
289
Initial conditions: Initial conditions of the whole computational domain (pressure, gas saturation
290
(or air mass fraction) and temperature) are required to start the TOUGH2 simulation. The initial 291 pressure at the atmosphere layer and unsaturated zone are set to the atmosphere pressure
292
(Equation (1)). The initial pressure at the saturated zone is determined based on the relative depth 293 of the grid cell with respect to the initial groundwater The field case study was performed using data from the Berkeley Lab Subsurface thermal inversion with associated grid generated by iMatTOUGH.
389
For estimating the hydrological and thermal parameters of both alluvium and fill layers using To specify initial and boundary conditions in TOUGH2, values for three primary variables must 399 be specified, namely (1) pressure, (2) temperature, and (3) either air mass fraction ( !"# ) for 400 single-phase conditions (gas or liquid), or gas saturation ( ! ) for two-phase conditions. The 401 upper boundary condition is set to the atmospheric pressure adjusted for elevation above sea 402 level using Equation (1) . With the altitude h = 1619 m, the atmospheric pressure at our study 403 site is P ! = 8.3×10 ! Pa. Rainfall data were considered as water sources at the surface elements
404
of the computational mesh. Unit conversion from rainfall to source was performed using
405
Equation (11). Figure 9a presents the rainfall data over the simulation period.
407
The upper boundary condition of the soil surface temperature was approximated from the 408 atmospheric temperature using the method presented in Zheng et al. (1993) . We constructed the (8). The bottom temperature condition was approximated from the temperature data measured at 426 depth = 6 m using the analytical solution of the heat transport equation (Equation (9)). Finally,
427
the bottom boundary condition of the air mass fraction was a very small value. We subjectively 428 set it at !"# = 1.6×10 !! . plots the initial conditions that we used in this study. We refer to section 2.2.4 for the methods to 
CONCLUSION AND DISCUSSION
